SUMMARY In patients treated with sulfinpyrazone, an apparent reduction in the incidence of sudden death and presumed ventricular fibrillation has been reported. Using an intact animal model without microcirculatory thrombosis, we studied the effects of sulfinpyrazone on ischemic myocardium in 58 anesthetized dogs divided into three groups: control untreated (n = 24), group 1 (n = 16), treated daily with 300 mg of sulfinpyrazone for 7 days, and group 2 (n = 18), treated daily with 300 mg of sulfinpyrazone for 7 days but omitting treatment on day 8. Although consistent hemodynamic differences were not apparent, the degree of injury determined by ECG mapping was significantly lower in group 1. The incidence of fibrillation was 54% for control and 0% in group 1. Group 2 had a 44% incidence, suggesting a limited duration of action. The apparent absence of microcirculatory thrombosis in this model suggests other mechanisms of action. A significantly smaller increase in tissue water and Na+ and smaller loss of K+ in group 1 may have contributed to the lower incidence of fibrillation, perhaps through selective prostaglandin inhibition.
THE USE of drugs in coronary artery disease that interfere with platelet function' has been prompted by the presumed role of the latter in the pathogenesis of ischemic heart disease.2-' Recent developments on the effects of platelet-active agents on prostaglandin metabolism have suggested several mechanisms that might affect the course of coronary artery disease.5 '6 Our studies with aspirin in a canine model have indicated that aspirin did not significantly inhibit formation of experimentally induced platelet thrombus in the epicardial coronary vessels but survival rate was significantly increased. 7 In patients treated with sulfinpyrazone in the postinfarction period, there was an apparent reduction in the incidence of sudden death, 8 and presumably ventricular fibrillation, an effect that may be independent of antiplatelet activity.9' 10 These considerations prompted us to study the effects of sulfinpyrazone on ischemic myocardium using an animal model with nonthrombotic coronary occlusion, which permitted the study of sulfinpyrazone in the absence of evident platelet microaggregates.
Methods Fifty-eight apparently healthy male mongrel dogs that weighed [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] kg were used for the study. After an 18-hour period of fasting, all dogs on the day of the experiment were anesthetized with morphine sulfate (3 mg/kg i.m.) and sodium pentobarbital (20 mg/kg i.v.) and were placed on a respiratory pump to maintain adequate ventilation. Through vessels exposed by small skin incisions, catheters were placed under fluoroscopic control in the main pulmonary artery from the left jugular vein for determination of cardiac output by thermodilution technique," into the left ventricle through the right carotid artery, and into the root of the aorta via the femoral artery. Left ventricular and aortic pressures were recorded by means of Statham strain-gauge transducers using an Electronics for Medicine DR-8 amplifier recorder. The dogs were under continuous electrocardiographic monitoring. Frequent pH determinations were carried out to confirm maintenance within the physiologic range. Myocardial ischemia was induced as described before'2 by placing, under fluoroscopic control, a double-lumen, balloon-tipped catheter through the left carotid artery into the left anterior descending coronary artery approximately 2½/2 cm from its origin. Determination of control hemodynamic parameters was carried out before the induction of ischemia. Subsequently, the balloon was inflated with 1 Tissue analysis of electrolytes and water, plasma free fatty acid levels, and precordial ECG mapping were conducted without knowledge of the treatment group. Statistical analysis was carried out with paired and nonpaired observations as appropriate, and mortality rates were assessed by the chi-square formula.
Results Table 1 lists the number of animals and procedures in each study group used to assess the effects of sulfinpyrazone pretreatment upon nonthrombotic coronary occlusion; these numbers were considered adequate for statistical analysis. Table 2 shows the extent of ischemia assessed by electrocardiographic mapping. Compared with the control group, the degree of ischemia in group 1 was significantly less (p < 0.01). The group 2 dogs showed a minor lessening of ischemia compared with the control group except for 2-ST (mV) at 4 hours, where the difference was statistically significant from control. Otherwise, there were no statistically significant Hemodynamic data in three and ECG mapping and tissue electrolytes in two of the surviving control animals were omitted because these were the initial animals of the study in which arrhythmic responses were the main focus.
*300 mg SP/day for 7 days. t300 mg SP/day for 7 days; no drug on eighth day.
Abbreviations: FFA = free fatty acids; SP = sulfinpyrazone. differences between group 2 and either of the other two groups. Regarding ventricular function during the 4-hour experiment, the changes were not consistent or related to the regimen of sulfinpyrazone on the day the experiment was carried out (table 3) . However, there was a consistent, statistically significant difference in aortic pressure that was lower throughout the experimental period in the dogs treated with sulfinpyrazone. Stroke volume was significantly lower in the control group and in group 1 by the end of the 4-hour experimental period.
In the nonsurvivors of group 2, before ischemia, the mean aortic pressure (121.5 ± 10 mm Hg), heart rate (138 ± 23 beats/min), stroke volume (30.6 ± 4.1 ml), and end-diastolic pressure (5.8 ± 0.75 mm Hg) were not significantly different from the survivors of this group (table 3) . During ischemia in the nonsurvivors, fibrillation occurred in five dogs between 3 and 20 minutes; stable hemodynamic data were not obtained. In the three that succumbed between 45 minutes and 3 hours, aortic pressure was 103 ± 18 mm Hg, heart rate 137 ± 9 beats/min, and end-diastolic pressure 5.8 ± 1.4 mm Hg before the arrhythmia. These values, although limited in numbers, were not significantly different from those in survivors of group 2 (table 3) .
The changes in water and electrolyte composition in the ischemic and nonischemic myocardial tissue of the three groups are shown in table 4. There was a consistent, significantly smaller increase in tissue water in the ischemic myocardium of dogs treated with sulfinpyrazone. Lower accumulation of sodium was observed in only the outer layer of group 1 (p < 0.02), whereas in the other layers and in group 2 the intracellular accumulation of sodium, although lower, did not reach statistical significance compared with the nontreated group. The lower magnitude of intracellular loss of potassium was of statistical significance in all layers of group 1 and was particularly high for the inner and midlayer when compared to control group. Potassium loss was less also in group 2 though to a lesser degree and only in two layers (p = 0.05). Plasma free fatty acid levels showed the expected increase in the nontreated group at the end of the 4-hour period of ischemia (from 197 ± 35.1 to 627 ± 22.4 ,uEq/ 1). In contrast, in group 1, changes in plasma free fatty acids from control were not significant (from 199 ± 47.4 to 319 + 97.6 ,uEq/l), whereas in group 2 the initial, unusually high levels in the control period decreased rather than increased (from 752 ± 97.1 to 566 ± 85.2 ,Eq/l, p = 0.05).
Comparing mortality between treated and nontreated groups, we observed no mortality in group 1, whereas for the nontreated group and group 2 it was 54% and 44%, respectively (table 5) . This rate of mortality due to ventricular fibrillation was statistically significant when compared to group 1. The difference between the nontreated group and group 2 was not significant. In terms of time of fibrillation, most died during the initial 30 minutes, but there was a tendency in group 2 for fibrillation at a later time.
Discussion
Acute ischemia in this intact animal model entailed coronary obstruction with an intracoronary balloontip catheter. With this technique, we did not find significant microcirculatory accumulation of platelets,12 in contrast to thrombotic coronary occlusion, in which microcirculatory thrombosis was significant compared with nonischemic myocardium.17, 18 The apparent absence of microcirculatory thrombosis in this model, also reported by Vik-Mo,1I is important in view of the results of the present study, in which pretreatment with sulfinpyrazone, a compound considered as an antiplatelet agent, appeared to reduce mortality significantly. Given the evidence of the inhibitory effect of this agent upon prostaglandin synthesis, which is closely associated with collageninduced platelet aggregation,6' 20, 21 one could postulate that pretreatment with sulfinpyrazone should minimize platelet accumulation in the microcirculation only in circumstances associated with this phenomenon.
Our analysis of mortality rates in 69 untreated dogs subjected to nonthrombotic coronary occlusion showed that mortality was highest during the first 15 minutes after occlusion (unpublished observations). In previous studies12' 18 22 we arbitrarily excluded ani- mals dying during the first 15 minutes, a time interval we considered as the minimum to induce comparable tissue damage among the groups under study.23 However, on the basis of our present data, as well as the reported protection from sudden death in man with sulfinpyrazone,8 we felt that inclusion of early death into the total mortality rate was important, because effectiveness of this agent against mortality should be evaluated during this high-risk period after acute coronary obstruction. However, even excluding mortality associated with the first 15 minutes of occlusion, the protective effect of sulfinpyrazone remained significant. 22 The results of electrocardiographic mapping showed that the dogs of group 1 had a significantly smaller degree of myocardial injury than the control group throughout the 4-hour period. The degree of injury for dogs in group 2 was not significantly different from that in the control group, except for 3-ST (mV) at 4 hours. The less extensive water and K+ changes and reduced tissue swelling in the treated group suggested a mechanism for lesser incidence of fatal arrhythmias. The higher mortality in group 2 appears to indicate that daily, uninterrupted administration of the drug is important. The explanation for this difference might be associated with the presence of effective blood levels of sulfinpyrazone, because in group 2 sulfinpyrazone levels were 100 times lower than in group 1 at the time the experiment was carried weaker, or more potent inhibition of the prostaglandin pathways in both platelets and the vascular endothelium. Thus, the studies of Korbut and Moncada26 showed the distinct difference between small doses of aspirin, which preferentially block platelet cyclooxygenase, and large doses of aspirin, which blocked both platelet and endothelial prostaglandin synthesis. Furthermore, the studies of Baezinger et al.,27 Ali and McDonald28 and Gordon and Pearsonn determined that compared to aspirin, sulfinpyrazone appears to be a substantially weaker inhibitor of endothelial prostacyclin, but remained a potent inhibitor of platelet prostaglandin synthesis. On the basis of such mode of action, one could postulate on the limitations of adverse platelet contribution, via thromboxane A2, to the induced ischemic insult. This would favor the weakly affected prostacyclin which by virtue of its vasodilating and platelet antiaggregating properties could counteract the effects of ischemia, leading to a lower incidence of fatal arrhythmias.
Another factor that might contribute to the favorable effect of sulfinpyrazone is the absolute levels of blood pressure, which were significantly lower in treated animals (groups 1 and 2) than in the other groups. Such hemodynamic responses would make 16 CIRCULATION THE CESSATION of effective contractions of the heart (cardiac arrest) is usually associated with ventricular fibrillation or with cardiac standstill. Electromechanical dissociation (EMD), in which electrocardiographic complexes persist in the absence of effective cardiac output, has been viewed as an uncom-typically due to a significant reduction in preload, as in exsanguinating hemorrhage or pericardial tam- ponade, or to a marked increase in afterload, as in instances of massive pulmonary embolism. However, EMD may also reflect severe dysfunction of the cardiac pump due to a variety of mechanical or metabolic causes.2 It is usually observed as an end stage of cardiac arrest in the form of an agonal rhythm.'
In contrast to instances of catastrophic cardiac arrest that conform to the criteria of sudden death, we observed that critically ill patients are more likely to have cardiac arrest in which the mechanical function of the heart is disabled, although a viable electrical rhythm persists. This experience prompted our group to undertake both clinical and experimental studies on the incidence, mechanisms and therapeutic options for management of EMD.
Clinical studies included a retrospective comparison of ECGs and arterial pressure in critically ill pa-CIRCULATION
